Adriatic Sea. Samples were collected during the "Andrija Mohorovičić" oceanographic expedition (1974)(1975)(1976) 
INTRODUCTION
Planktonic ostracods are often neglected among mesozooplankton groups and consequently very little is known about their ecology, temporal variability or vertical distribution in most marine environments (ANGEL, 1993 (ANGEL, , 2010 GOLLASCH, 1997; BRAUTOVIĆ et al., 2006; ANGEL et al., 2007) . Despite their diversity, abundance and noteworthy ecological role in the organic decomposition processes in deep waters, there is general scarcity of contemporary research and serious lack of taxonomic expertise for this group of planktonic crustaceans. The notable exceptions are the recent taxonomical investigations by CHAVTUR & STOVBUN (2003) , providing a review of the subfamily Archiconchoecinae, and by CHAVTUR & ANGEL (2011) , establishing two new tribes, the Metaconchoeciini and the Conchoeciini. The recent advances in molecular methods are offering a new tool for ostracod species' identification that, coupled with accurate identification based on external morphology, promises to contribute to scientific progress in the assessment of their role and importance (RAUPACH & RADULOVICI, 2015; TANAKA & OHTSUKA, 2016; NIGRO et al., 2016) .
Since current biological expeditions rarely cover large marine areas, many authors revert to the planktonic material collected during earlier large-scale oceanographic expeditions (GRANATA & DI CARPORIACCO, 1949; MORAITOU-APOSTOLOPOULOU, 1981; ANGEL, 1993; ANGEL et al., 2007) , which offer both planktonic data and a historical perspective on the distribution and abundance of a particular taxon. One such opportunity was presented through the rich plankton material collected during the "Andrija Mohorovičić" oceanographic expedition (1974) (1975) (1976) , covering the entire Adriatic Sea and offering insight into the variability of the ostracod community during all four seasons.
From a historical point of view, research on planktonic ostracods in the Adriatic Sea began in the northern part at the end of the 19 th century, when Porroecia spinirostris was reported by CLAUS (1891) . In the material collected during the "Rudolf Virchow" expedition (1907) (1908) (1909) (1910) (1911) , three new ostracod species, namely Proceroecia procera, Mikroconchoecia curta and Archiconchoecia striata, were determined by SCHWEIGER (1912) . This author also considered their horizontal distribution and concluded that abundances decreased from the South to the North Adriatic. Later on, Conchoecia magna was recorded in the central part of the Adriatic Sea (GAMULIN, 1948; HURE, 1955 HURE, , 1961 . A few decades later, a new subspecies, Porroecia porrecta adriatica, was found in the North Adriatic (GOODAY & ANGEL, 1977) . Still, the highest number of new ostracod species in the Adriatic Sea was identified by BRAUTOVIĆ (1998) , thus amending the list of species with Mikroconchoecia echinulata, Proceroecia microprocera, Proceroecia macroprocera, Discoconchoecia elegans, Metaconchoecia rotundata, Paraconchoecia spinifera, Loricoecia loricata and Paramollicia rhynchena. Recent investigations performed in the deep South Adriatic Pit have confirmed their presence in plankton and provided information of their spatial and temporal distribution (BRAUTOVIĆ et al., 2006) .
The main purpose of this study was to determine the spatial and temporal distribution patterns of planktonic ostracods in the Adriatic Sea, using unpublished historical data collected at basin level during the "Andrija Mohorovičić" oceanographic expedition (1974) (1975) (1976) . The abundance and distribution of life-history stages (male, female and juvenile specimens) and the relationships with other mesozooplankton groups are also discussed. The paper also provides the first record of Paraconchoecia oblonga in the Adriatic Sea.
MATERIAL AND METHODS

Oceanographical and biological properties of the Adriatic Sea
The Adriatic Sea is one of the major regional sub-basins of the Mediterranean Sea, with a total surface of 132000 km 2 , average depth of 239 m and maximum depth of 1330 m (Fig.  1) . It is approximately 800 km long and 200 km wide, oriented in the NW-SE direction. It is landlocked on the north; east and west side, and connected to the Ionian Sea on the south through the 72 km wide Strait of Otranto. The Adriatic basin is geomorphologically and hydrogeographically divided into three sub-basins: (I) the North Adriatic, a broad shallow area (on average 35 m deep), which lies entirely on the continental shelf, and is strongly influenced by the River Po; (II) the Central Adriatic, a shallow basin with a distinctive morphology in the form of three small bottom depressions or pits located along the transversal line of Šibenik-Pescara. The largest central depression is the Jabuka Pit, with a maximum depth of approximately 280 m. The Central Adriatic is connected to the South Adriatic by the 170 m deep Palagruža sill; (III) the South Adriatic, mostly represented by the South Adriatic Pit, which is characterized by the approximately circular isobaths, with an average depth of about 1200 m in the central area. The bottom rises towards the Strait of Otranto past the southern basin, with the strait's maximum depth being 780 m.
The general circulation model of the Adriatic Sea is characterized by the inflow of Ionian Surface Water and Levantine Intermediate Water northwards along the eastern coast, and a southward outflow into the eastern Mediterranean along the western coast (ORLIĆ et al., 1992) . In the South Adriatic, surface circulation forms a gyre that partially isolates the Central Adriatic from the influence of open-sea Mediterranean waters, and strongly influences the distribution of Adriatic plankton communities (KRŠINIĆ & GRBEC, 2002). In the North Adriatic, the magnitude of phytoplankton development is positively related to increased nutrient load by the river Po, and gradually decreases in the SE direction (ZAVATARELLY et al., 1998; VILIČIĆ et al., 2009) . The highest phytoplankton abundance and biomass are recorded just south of the river Po mouth (REVELANTE & GILMARTIN, 1977) . In the oligotrophic South Adriatic, the convective mixing and nutrient delivery into the surface layer in winter and spring precede phytoplankton blooms (VILIČIĆ et al., 1998; CIVITARESE & GAČIĆ, 2001; GAČIĆ et al., 2002) . After that period, thermal stratification, together with circular current maintenance and phytoplankton metabolic activity result in a gradual exhaustion of nutrients in the euphotic layer, and consequent decrease of phytoplankton biomass until the next spring (VILIČIĆ, 2003) . In the warm part of the year, primary production of the South Adriatic in maintained, due to the microbial regeneration of nutrients within the microbial food web. Deeper Adriatic waters are characterised by chlorophyll a and oxygen maxima in the layer between 50 m and 100 m depth as a result of the accumulation of microphytoplankton (JASPRICA et al., 2001) .
The dominant microphytoplankton group in the Adriatic Sea are marine diatoms. The high abundances of dinoflagellates and cryptophytes occur occasionally in coastal environments, particularly in the North Adriatic Sea. Coccolithophores are coincidental with the inflow of Ionian waters, especially in the South Adriatic during winter (VILIČIĆ et al., 2002) . Phytoplankton abundance data and chlorophyll a concentrations from this expedition have been presented by SMODLAKA (1982) .
Zooplankton are important phytoplankton predators in the surface layer and consume a significant portion of the available and usable primary production (KRŠINIĆ, 1998; VILIČIĆ, 2003) . The estimates of zooplankton biomass in the Adriatic Sea indicate that rich zones are located in the northern Adriatic, along the western coast under the riverine influence and in few coastal bays along the eastern coast. In general, high zooplankton biomass is related to increased phytoplankton biomass, particularly in areas with river-borne nutrient loads. Both, microand mesozooplankton biomass decrease from the northern to the southern part of the Adriatic, while species richness generally increases in the same direction (FONDA UMANI et al, 1992) . Biological data for mesozooplankton groups such as calycophoran siphonophores (GAMULIN, 1982a) , copepods (HURE, 1982) , euphausids (ŠIPOŠ, 1982) , chaetognaths (GAMULIN, 1982b) , appendicularians (SKARAMUCA, 1982) and thaliaceans ( KATAVIĆ, 1982) during the investigation period have been published earlier (VUČAK et al., 1982) .
Thermohaline conditions during the sampling period
Detailed physical and chemical data from "Andrija Mohorovičić" expedition are available in VUČAK et al. (1982) . General distribution of thermohaline properties during the investigated periods was as follows:
September-October period (autumn) was characterized by surface temperature ranging from 18.5 to 22.0˚C, decreasing from the open South Adriatic toward the North Adriatic. Thermocline was formed between 10 m and 40 m depth in the northern and southern parts of the Adriatic Sea, respectively. Temperature minimum was recorded in the bottom layer of the Central Adriatic Jabuka Pit (12 o C). Surface salinity varied from 36.3 to 38.5, with a noticeable increase from the coast to the open sea area and in north-south direction.
In February (winter), the highest surface temperature was recorded in the South Adriatic (14°C). The temperature decreased transversally towards the North and towards the western coast, with the minimum of 9°C measured in the North Adriatic (T-I). The water column was generally isothermic, with the exception of the Northern Adriatic transects T-I and T-II where temperature inversion was recorded at the surface. Surface salinity was quite uniform throughout the area and ranged within the limits of 37.8 to 38.7 recorded at T-I and T-VII, respectively.
In April-May period (spring), surface temperature varied from 13.0°C to 19.5°C, with both values recorded in the North Adriatic. In the Central and South Adriatic, both the freshwater generated by strong outflow of the Po River and the highly saline Mediterranean water were detected. The range of salinity values was between 23.6 and 38.8, recorded at T-I and T-VIII, respectively.
In July (summer), surface temperature increased in the North and the South Adriatic Sea to 24°C and 26°C, respectively. Vertical temperature gradient was well pronounced and thermocline formed between 40 m and 80 m in the Central and South Adriatic, respectively. Surface salinity gradient was also established and values oscillated between 36.8 (T-I) and 38.5 (T-VII and T-VIII).
Data collection
Zooplankton material was collected during four cruises at 35 stations in the open Adriatic waters, by the research vessel "Andrija Mohorovičić" in the following periods: September-October 1974 , April-May 1975 , February and July 1976 (Fig. 1, Table 1 ). Twelve stations were sampled along three transects in the North Adriatic, with the station's depth ranging from 30 to 65 m. Ten stations along two transects were sampled in the Central Adriatic (95 to 255 m), and 13 stations were sampled along three transects in the South Adriatic (90 to 1100 m).
Zooplankton was collected by vertical net hauls, from 5 to 10 meters above the sea bed to the surface using a Nansen net, (113 cm diameter, 350 cm length, 250 µm mesh size). Samples were fixed in 2.5% formaldehyde-seawater solution previously buffered with CaCO 3 . Species determination was performed by stereomicroscope (Carl Zeiss) and inverted microscope (Olympus IMT-2) at magnifications of 40x, 100x and 400x. Ostracods were identified according to species descriptions given by MŰLLER (1912 ), SKOGSBERG (1920 ), POULSEN (1973 , ANGEL (1993) and DRAPUN & SMITH (2012) . The number of individuals was determined beneath the square meter (ind.m -2 ) of the water column.
Data analysis
The differences between the seasonal and spatial distribution of ostracod abundances were tested via two-way analysis of variance using Kruskal-Wallis statistics, followed by the post hoc Dunn's Multiple Comparison test. In order to avoid the effect of different sampling depths on the results, all data were recalculated to the same volume. The analyses were performed using the XLSTAT statistical package, Version 
2015.4.01.21575, Copyright Addinsoft 1995-2017. Non-parametric Spearman rank order correlations were used to assess the relationships between ostracods and other mesozooplankton groups.
Cumulative ranked curves (k-dominance curves) were used to compare species dominance along the investigated transects. K-dominance curves were plotted on the cumulative ranking of ostracod species in order of importance in terms of their abundance.
The Shannon-Wiener diversity index (H') was used to analyse changes in seasonal and spatial diversity in the ostracod community. Since the juvenile species were determined to genus level, they were included in the species data matrix.
BVSTEP analysis was performed on the ostracod species data in order to find a combination of species explaining all differences within the species matrix, and to produce a near perfect match (ρ ≥0.95) with the overall seasonal and spatial pattern for the full set of ostracod species.
To show the contribution of ostracod taxa to the dissimilarities among the sampling areas, similarity percentages analysis (SIMPER) was performed on the log (x+1) transformed abundance data matrix, with the cut-off for low contributions fixed at 90%. This analysis identified ostracod taxa that were principally responsible for the sample grouping in the ordination analysis.
Non-metric Multi-Dimensional Scaling (MDS) ordination and Cluster Analysis (CA) were used to investigate similarity levels of species abundances along different transects. To reveal similarities between stations, the abundance data matrix was standardized, then log (x+1) transformed and Bray-Curtis similarity was computed. These analyses were performed using the Primer 5 version 5.2.9 (CLARKE & GORLEY, 2001) statistical package. Principal Component Analysis (PCA) was performed to summarise the main patterns of species/groups composition variation across samples. The data input consisted of two sets of variables representing spatial and seasonal abundances of (I) all ostracod species and (II) most abundant mesozooplankton groups (Ostracoda, Copepoda, Siphonophorae, Euphausiida, Chaetognatha, Appendicularia and Thaliacea). Each ostracod species or mesozooplankton group points in the direction of the steepest increase in abundance for corresponding variable and its length is the multiple correlation of that species/mesozooplankton group with the ordination axes. On the other hand, the distance between sample symbols (season, transect) approximates the dissimilarity of their species/group composition as measured by their Euclidean distance (TER BRAAK & ŠMILAUER, 2012 
RESULTS
Spatial and seasonal variability of Adriatic ostracods
During four cruises, planktonic ostracods were present throughout the Adriatic Sea, but their spatial distribution showed considerable variability (Kruskal-Wallis statistics: K=83.950; p<0.0001). The highest average abundance of total ostracods (1080±842 ind.m -2 ) was recorded in the deep South Adriatic, with a maximum of 4021 ind.m -2 (Fig. 2) . Towards the north, their abundances decreased considerably. In the Central Adriatic, the average abundance, as well as the recorded maximum was reduced to approximately half of that value (597±615 ind.m -2 and 2412 ind.m -2 , respectively). Ostracods were scarce in the North Adriatic, where either few individuals or even their complete absence (September -October 1974) , spring (April -May 1975) , winter (February 1976) and summer (June 1976) in the Adriatic Sea.
were noticed. The annual average and maximum values in this region were 11±26 ind.m -2 and 114 ind.m -2 , respectively. At basin level, temporal variability of total ostracod abundances did not show a clear seasonal pattern (K=4.225; p=0.238). Therefore, seasonal variability should be considered only in relation to the Adriatic sub-basins. During most of the year, the highest abundances were recorded in the open waters of the South and Central Adriatic Sea (Fig. 2) ) was recorded in the summer at station 4 in the Strait of Otranto (Transect: T-VIII, Fig. 1 ). Very high abundances continued towards the Central Adriatic (T-IV and T-V). During the autumn, the highest value was found in the area of Jabuka Pit and along the western coast of the Central and South Adriatic, and proportionally decreased towards the eastern coast. ) was noticed at station 31 (T-III).
The proportion varied significantly per lifehistory stage and season (K=9.835; p=0.020). Juvenile specimens constituted between 46.17% in autumn and 61.58% in winter of the ostracod community. The largest proportion of juveniles (92%) was recorded in the South Adriatic Sea. In this part of the Adriatic Sea, their highest proportion (70.65%) was recorded in winter, while in the Central Adriatic the highest contribution of juveniles to the ostracod community was found in autumn (65.63%). During other seasons, the share of juveniles in the ostracod community decreased, with the lowest values recorded in the northern Adriatic during the summer.
Species composition and diversity patterns in the ostracod community
A total of sixteen taxa of planktonic ostracods belonging to family Halocyprididae, two subfamilies, 10 genera and including two subspecies were identified during this study ( Table  2 ). The South Adriatic was the only area where all 16 taxa were recorded (T-VI-VIII). The taxonomic variety was slightly lower (11-13 taxa) in the Central Adriatic, while only 2 species were found in the North Adriatic (T-II). K-dominance curves allowed a better comparison of differences in ostracod diversity between the investigated transects (Fig. 3) . The highest curve, showing the lowest diversity, was at T-II in the North Adriatic. A >90% dominance was found along transects T-I, T-II and T-III for species rank 2. Conversely, the highest biodiversity was recorded along three transects in the South Adriatic, especially at T-VIII (Otranto Strait). In this area, a >90% dominance was reached for species rank 6 or higher (Fig. 3A) . At seasonal level, the highest biodiversity was recorded during the spring.
Based on their contribution to total ostracod abundances, the dominant species were Archiconchoecia striata, Porroecia spinirostris and Proceroecia macroprocera, which together contributed 57.13% to the total ostracod population. According to the SIMPER results, the same group of species was responsible for the average dissimilarity of 61.45% found between the South and Central Adriatic Sea (at 66.97% level). The highest average dissimilarity of 90.41% was recorded between the South and North Adriatic (at 63.93% level). Cross-comparison of ostracod populations during the sampling seasons did not reveal differences in population structure.
The variability in the Shannon-Wiener diversity index (H') revealed the significant differences between the three Adriatic sub-basins (K=112.79; P<0.0001), with the highest average H' of 2.06±0.24 found at T-VIII in the South Adriatic Sea and the lowest H' of 0.02±0.05 recorded at T-II in the North Adriatic (Fig. 3B) . Overall, the maximum H' value was found at T-VIII (South Adriatic) during the winter (2.38). At seasonal scale, we noticed a high homo-geneity in ostracod community composition, without statistically significant differences in H' between seasons (K=5.66; p=0.129). Species richness, expressed as a number of ostracod species (S), was positively and significantly related to overall abundance (N) on both the spatial and seasonal scale (Spearman statistics p<0.01). Negative relations were recorded only in the South Adriatic along transects T-VI and T-VII. Ostracod abundance (N) was positively correlated with the H' index at transects I-III and T-V, while these correlations were negative at transects IV, VI-VIII. However, statistically significant relations (p<0.01%) were found only at T-VI and T-VIII.
The most frequent planktonic ostracod species occurring in >56% of collected samples were Archiconchoecia striata, Porroecia spinirostris and Proceroecia procera ( Table 2 ). The lowest frequencies of occurrence were recorded for Paraconchoecia oblonga and Loricoecia loricata (17% and 14%, respectively). All other taxa can be considered as common. The application of the BVSTEP procedure to the sixteen ostracod taxa abundances extracted the smallest subset of five species. Their similarity matrices across eight transects correlated with that of the full list of recorded taxa, at ρ=0.996 and significance level of 0.01. This subset was responsible for generating the observed distribution pattern and consisted of Archiconchoecia striata, Porroecia spinirostris, Proceroecia macroprocera, Discoconchoecia elegans and Mikroconchoecia curta.
Archiconchoecia striata was recorded throughout the Adriatic during all seasons (Fig.  4) and 998 juvenile ind.m -2 ) was found in autumn at T-VI (station 15). This autumn increase in A. striata abundances was caused by adult individuals, while juveniles dominated in the winter period with up to 75% (T-VII, station 8). Due to its high contribution to total abundances, the spatial distribution pattern of ostracods during all seasons was highly related to A. striata distribution. Figs. 2, 3 and 4 distinguished the Central Adriatic Jabuka Pit (T-IV) as the area very abundant in ostracods and rich in ostracod species.
Porroecia spinirostris constituted 21.36% of the ostracods. Although this species was recorded throughout the Adriatic Sea, it was distributed unevenly between the Adriatic sub-basins (Fig. 5) . The highest abundances were always recorded in the South Adriatic, with the values being 5 to 8 times higher than in the Central Adriatic. Conversely, the species was rare in the North Adriatic. The maximum of 583 ind.m -2 (174 female ind.m -2 , 179 male ind.m -2 and 230 juvenile ind.m -2 ) was recorded in the summer at T-VIII (station 4). The highest proportion of juveniles (61%) was observed in spring at T-VI (station 15).
Proceroecia macroprocera constituted 9.44% of the ostracods. This species was found only in the Central and South Adriatic (Fig. 6 ). In the Central Adriatic, a slightly higher number of individuals (~100 ind.m -2 ) was recorded only in autumn at T-V, while during the other seasons this species was sporadically represented by Discoconchoecia elegans represented 2.85% of total planktonic ostracods. This species was mostly restricted to the South Adriatic except in autumn when it was recorded in the Central Adriatic as well (T-V, station 18). The highest abundances of 312 ind.m -2 (59 female ind.m -2 , 84 male ind.m -2 and 169 juvenile ind.m -2 ) were recorded in the summer at T-VIII (station 4). During the summer period, juveniles reached the highest contribution (~60%) at T-VI (station 12).
Mikroconchoecia curta constituted 2.60% of ostracods, and spatial distribution was mostly restricted to the South and Central Adriatic. Females were more abundant than males by approximately 30%, but the abundance of juveniles was four times higher than that of adults, especially during the summer (up to 87%). The maximum of 206 ind.m -2 (21 female ind.m -2 , 27 male ind.m -2 and 158 juvenile ind.m -2 ) was found in autumn at T-VIII (station 2). In autumn and spring, at T-VIII, the abundances increased mostly due to juveniles. In the Central Adriatic, the species was considerably less represented in the ostracod community, with a maximum of 32 ind.m -2 (8 female ind.m -2 and 24 juvenile ind.m -2 ) recorded during spring at T-V (station 19).
The newly recorded ostracod species Paraconchoecia oblonga was restricted to the South Adriatic, and its contribution to the total number of planktonic ostracods was negligible (0.51%). A maximum of 60 ind.m -2 (4 female ind.m -2 , 4 male ind.m -2 and 52 juvenile ind.m -2 ) was recorded in winter at T-VII (station 7), when juveniles constituted 87% of the population of this species. Compared to juveniles, the adults were considerably less abundant, with the highest values of 12 female ind.m -2 and 6 male ind.m -2 found in spring at T-VI (station 13). -October 1974) , spring (April -May 1975) , winter (February 1976) and summer (June 1976) in the Adriatic Sea. (September -October 1974) , spring (April -May 1975) , winter (February 1976) and summer (June 1976) in the Adriatic Sea.
Fig. 5. Spatial and seasonal distribution of Porroecia spinirostris during the four seasons: autumn (September
Fig. 6. Spatial and seasonal distribution of Proceroecia macroprocera during the four seasons: autumn
Multivariate data analyses
Ostracod community
From the resulting multivariate data analysis (Multi Dimensional Scaling and Cluster Analysis) based on ostracod species abundances, we distinguished two main groups of investigated stations separated at 44.40% similarity level (π=8.22 p=0.001) (Fig. 7) . The first cluster comprised stations located in the South Adriatic. The second cluster contained two subgroups, divided at similarity level of 59.87% (π=2.37, p=0.001); the first subgroup included only stations located in the North Adriatic while the second encompassed stations from the Central and North Adriatic. The differences between them were statistically significant; 72.94% similarity (π=1.70, p<0.001).
The patterns of spatial and seasonal variability in species abundance, diversity indicators, transects, seasons and sampling depths, were examined by means of Principal Component Analysis (Fig. 8) . This analysis ordinated group with similar patterns of spatial and seasonal variability along three axes, explaining 73.05% of total variability. Transects linked to the same axes are given in parenthesis. Axis PC1 (48.33%) determined the variability of the following 12 ostracod species: P. macroprocera, C. magna, M. rotundata, P. spinifera, P. rhynchena, P. microprocera, M. curta, P. oblonga, D. elegans, M. echinulata, L. loricata and P. procera (T-VIII, T-VI and T VII). Axis PC2 (18.14%) ordinated the two most abundant species A. striata and P. spinirostris, and a subspecies P. porrecta adriatica (T-V and T-VII). PC3 (6.58%) included subspecies P. porrecta porrecta. Among the supplementary variables (seasons, sampling depths, number of species (S) and Shannon-Wiener diversity index (H')), PC1 was significantly positively related to sampling depth, S and H'. PC2 was negatively linked to sampling depth, S and H', but the significant relationship was recorded only with sampling depth. Relationships between PC axes and seasons were less pronounced. PC1 was not clearly related to any sampling period, while the PC2 and PC3 axes clustered autumn period.
Other mesozooplankton groups
Apart from the abundance of ostracods, the abundances of other main mesozooplankton groups (siphonophores, copepods, euphausids, chaetognaths, appendicularians and thaliaceans) were included in the data matrix for PCA. Table 2 for the list of ostracod taxa).
Fig. 7. Non-metric multidimensional scaling (MDS) ordination of eight sampling transects (each dot corresponds to a sampling station) in the Adriatic Sea, based on Bray Curtis similarities from standardised and log transformed ostracod species abundances (see
Fig. 8. Results of Principal Component Analysis (PCA) based on abundance data matrix of planktonic ostracod taxa. Supplementary variables (quantitative and qualitative) are plotted as vectors or dots (circles, transects; rectangles, sampling seasons).
The analysis extracted three principal components, accounting for 72.08% of variance (Fig.  9) . PC1 separated ostracods, chaetognaths and thaliaceans, explaining 28.40% of variance. PC2 extracted copepods and euphausids, while PC3 differenciated siphonophores and appendicularians. The last two components explained 24.96% and 18.72% of variance, respectively. Similar variability of different mesozooplankton groups, indicated by the statistically significant correlations, could result from either predatorprey relationship (ostracods with chaetognaths and siphonophorae) or co-linearity (ostracods with copepods, appendicularians and thaliaceans) within the mesozooplankton community (Figs. 2 and 9 ). As opposed to ostracods, a clear seasonal distribution pattern was recorded for copepods and euphausids that reached a maximum in spring. On the other hand, chaetognaths, thaliaceans and appendicularians were the most abundant in autumn.
DISCUSSION
Seasonal and spatial distribution of ostracod species
The highest abundance of planktonic ostracods during all seasons was found in the deep South Adriatic. In general, the decreases in ostracod abundances in the south-east and north-west directions was noticed in the Central Adriatic, where the abundance values were often ten times lower than in the South Adriatic. We concluded that the distribution of ostracods in the Adriatic Sea, especially during spring and summer, is influenced by basin hydrology. Adriatic circulation is characterized by the incoming current from the Eastern Mediterranean in the intermediate layer, while Adriatic waters enter the Mediterranean in the surface and bottom layers (ORLIĆ et al., 1992; CUSHMAN-ROISIN & POULAIN, 2001 ). The surface and intermediate waters from the Central Adriatic differ from the dense bottom water that is formed during winter in the shallow North Adriatic, which fills the bottom of the Jabuka Pit (ZORE-ARMANDA, 1963) . The Jabuka Pit is a storage area for this bottom water that is occasionally pushed out and moved to the south Adriatic (ORLIĆ et al., 1992) . This cold dense water, rich in detritus, sinks in the region of the Bari Canyon and flows out of the Adriatic Sea (VILIBIĆ & ORLIĆ, 2001 ). This circulation pattern could explain the considerably higher ostracod abundances observed in the summer in the central part of the South Adriatic and at the stations located along the western Adriatic coast in autumn. Our investigation indicated that the Jabuka Pit (T-IV) and the South Adriatic Sea (especially T-VI) are the most important areas for studying the population dynamics of planktonic ostracods. The crucial significance of the dynamics of water masses for the spatial and seasonal distribution of zooplankton populations was also recorded by KRŠINIĆ & GRBEC (2002 .
The seasonal and spatial distribution of lifehistory stages throughout the Adriatic Sea indicates that for ostracods, autumn and winter represent the reproduction period, and points to the Central and especially South Adriatic as the areas that provide multiple habitats for the development of ostracod populations. The highest diversity of ostracods was recorded in the deep South Adriatic. In the Central Adriatic, due to smaller depths, deep-sea species such as Paraconchoecia oblonga, P. spinifera and Paramollicia rhynchena were absent, and the mesopelagic species Conchoecia magna, Proceroecia macroprocera, Metaconchoecia rotundata, Discoconchoecia elegans and Loricoecia loricata were rare. Furthermore, the shallow North Adriatic generally showed the lowest ostracod diversity. The key species were Archiconchoecia striata and Porroecia spinirostris, very common in the epipelagic and upper mesopelagic layers of the entire Adriatic Sea. Proceroecia macroprocera ranked third in abundance, and was distributed in the South and Central Adriatic. On the basis of the distribution of PC loadings, those three species were responsible for most of the observed variability in the ostracod population.
In an earlier investigation GOODAY & ANGEL (1977) registered five ostracod species in the North Adriatic. Apart from A. striata, P. spinirostris and P. procera, they found P. porrecta adriatica and M. echinulata. Similar to our results, they recorded the maximum of total ostracod abundance in the winter. The spreading of ostracods from the Central towards the North Adriatic from December to April was first observed by STEUER (1910) . Similar taxonomical composition and proportions of ostracod species in the Central and South Adriatic were recorded by HURE (1955) . During our investigation in the Central Adriatic, neither deep-sea species nor deep mesopelagic species were found, which could be related to the dynamics of water masses and the circulation pattern in the Adriatic Sea. Occasionally, deep-sea bottom water diffuses towards the South Adriatic (ORLIĆ et al., 1992; CUSHMAN-ROISIN & POULAIN, 2001) , forming a barrier for the ostracod species, and thus preventing their migration into the Central Adriatic. That can be the main reason why no ostracod species were found in the greatest depths of the Jabuka Pit as typically found at the same depths in the South Adriatic Pit.
Due to the abundance and frequency of occurrence in the samples, we selected Archiconchoecia striata as the key species. It is an open-sea resident concentrated mainly in the deep epipelagic zone (LEVEAU, 1965) . SCHWEIGER (1912) first reported this species from the Central Adriatic Jabuka Pit. GAMULIN (1948) found A. striata only in the deep layer of Jabuka Pit. Recently, the species was also found between 50-300 m in the South Adriatic (BRAUTOVIĆ, 1998) .
During our investigation, Paraconchoecia oblonga was recorded for the first time in the Adriatic Sea. According to ANGEL (1993) , this species is widespread in all oceans from 49°N to 42°S in the shallow mesopelagic layer. The original description is based on material collected from two stations in the North Atlantic Ocean. One of the most important characteristics of P. oblonga is the location of the aperture of the right asymmetric gland; in form A, the gland is situated in the postero-ventral corner of the shell, and in form B the gland opens a little more anteriorly (ANGEL, 1993) . Specimens found in the Adriatic Sea belong to form A that is more abundant in the Eastern Atlantic, whereas form B predominates in the Western Atlantic (NIGRO, et al., 2016) . Although COI gene sequence divergence (average 0.138) suggests that these two forms are separate species (NIGRO et al., 2016) , temporary names Paraconchoecia oblonga form A and form B are still in use (WoRMS on-line information system).
Comparisons of planktonic ostracod diversity in various marine regions
Based on the available past and recent published materials, the Adriatic Sea is rich in ostracod species compared to other Mediterranean regions. In the Tyrrhenian Sea, 11 ostracod species and a new subspecies, Proceroecia procera mediterranea, were found in the vicinity of the islands of Panarea and Stromboli (FERRARI et al., 1995) . In general, there are great similarities between the Tyrrhenian and Ionian ostracod community on the one hand, and the South Adriatic ostracod community on the other. However, instead of Proceroecia microprocera and P. macroprocera that were common in the Adriatic Sea, the Italian researchers found Proceroecia procera procera and Proceroecia procera mediterranea (FERRARI et al., 1995) . Although they have not found Porroecia porrecta, the subspecies Porroecia porrecta adriatica was recorded. In addition, they registered Metaconchoecia nasotuberculata, which was not found in the Adriatic Sea. The list of ostracod species of the Tyrrhenian and Ionian seas was later amended with Discoconchoecia elegans gracilis, Mikroconchoecia echinulata and Loricoecia ctenophora (FERRARI et al., 1996) . Discoconchoecia elegans, Mikroconchoecia echinulata and Loricoecia loricata were recorded in the Adriatic Sea by BRAUTOVIĆ (1998) .
MORAITOU-APOSTOLOPOULOU (1981) elaborately described zooplankton material collected by horizontal and vertical hauls using a 200 μm mesh size plankton net in the period from 1964 to 1973 in the Ionian and Aegean Seas, and in the Gulf of Athens. In the Aegean Sea, this author found seven species of planktonic ostracods: P. spinirostris, P. procera, Orthoconchoecia haddoni, M. curta, C. magna, D. elegans and A. striata. Among them, only the large mesopelagic species O. haddoni (female length 2.7-3.1 mm, males 2.3-2.6 mm) was not found in the Adriatic Sea. Recently, STĘPIEŃ et al. (2015) published a re-description of Discoconchoecia elegans from high latitudes in the North Atlantic.
Planktonic ostracods are usually more abundant in the oceans than in the land-locked Mediterranean and Adriatic Seas. The number of species for the subtropical North-western Atlantic Ocean is estimated at 118, including 13 new species, while for the whole Atlantic Ocean the number of species is estimated at 153, which is more than double the number of species known from comparable latitudes in the Pacific Ocean (ANGEL, 2010) .
Among 26 species recorded in the mixed layer of the North-eastern Arabian Sea (Indian Ocean), Cypridina dentata, Euconchoecia aculeata, Conchoecia subarcuata and Orthoconchoecia atlantica are dominant during summer monsoon (PURUSHOTHAMAN, 2015) . Forty-one (41) species belonging to the family Halocyprididae have been described by DRAPUN & SMITH (2012) , in the North-western Arabian Sea. Sixteen (16) species of halocyprid ostracods have been identified in the Humboldt Current ecosystem off Peru .
Relationships within the mesozooplankton community
On the spatial and temporal scale, distribution patterns of planktonic ostracods can be related to their feeding preferences. Considerably higher abundances of ostracods in deep waters are linked to their detritivorous and carnivorous diet (ANGEL, 1970; RAYMONT, 1983) . LOCHHEAD (1968) was the first to record the active predation of planktonic ostracods. Ostracods also represent a suitable prey for mesopelagic and epipelagic chaetognaths Sagitta enflata and S. decipiens, constituting between 1.4% and 10% of their diet (BATISTIĆ et al., 2003) . For some calycophoran species of siphonophores (e.g. Diphyes dispar and Chelophyes appendiculata), ostracods are just an occasional prey, while others such as Hippopodius hippopus feed exclusively on ostracods (ANGEL, 1983) . According to GAMULIN & KRŠINIĆ (1999) , calycophoran siphonophores significantly contribute to the hydrozoan fauna of the Adriatic Sea. This predator-prey link could explain a significant correlation found between ostracods and both siphonophores and chaetognaths (p<0.01). Still, omnivorous feeding or unknown feeding preferences for some ostracod species discourage the generalization of predator-prey relationships within the zooplankton community. Similar variability of different mesozooplankton groups can also indicate high co-linearity (ostracods with copepods, appendicularians and thaliaceans) within the mesozooplankton community.
In comparison to the general distribution pattern of copepod group, distribution of planktonic ostracods was quite opposite. In general, ostracod abundances increase from the North to the South Adriatic. Conversely, copepod abundances mostly increase from the south to the North Adriatic, especially along the continental shelf due to the increase of neritic-estuarine species (HURE & KRŠINIĆ, 1998) .
According to study of PANCUCCI-PAPADOPOULOU et al., (1992) conducted in the eastern Mediterranean Sea, ostracods were the second most abundant zooplankton group after copepods (62.33%), constituting 26.98% of total zooplankton abundance in the southern sea of Rhodes between 150 and 550 m. During our study, the highest proportion of ostracods was noted in autumn in the Central and South Adriatic (2.2% and 1.8% of total zooplankton, respectively). This considerably reduced percentage in comparison to the Eastern Mediterranean Sea was probably influenced by the sampling methodology (i.e. integrated vertical hauls). Due to uneven vertical distribution and a tendency to concentrate in mesopelagic and bathypelagic layers, ostracods should be sampled accordingly, using opening-closing nets in distinct layers.
The results of this study indicate that future planktonic ostracod investigations should focus on the deep South Adriatic. More frequent sampling, using a WP2 net equipped with a closing system, as well as the "Adriatic" sampler designed by KRŠINIĆ (1990) , would provide better insight into the vertical distribution pattern and ecology of planktonic ostracods. Considering the complexity of species identification and lack of expert taxonomists, DNA barcoding will be particularly useful in future studies of the ostracod community.
CONCLUSIONS
In comparison to other Mediterranean regions, the Adriatic Sea is rich in ostracod species. During the investigated period, the key species responsible for most of the observed variability in ostracod abundances were Archiconchoecia striata, Porroecia spinirostris and Proceroecia macroprocera. Paraconchoecia oblonga, form A, was recorded for the first time in the Adriatic Sea, confined exclusively to the southern sub-basin. In general, ostracod abundances and species richness increased from the North to the South Adriatic and their spatial distribution was highly affected by the basin hydrology. At basin level, no clear seasonal pattern of ostracod variability was recorded. However, the observed increase in the number of juveniles indicated autumn and winter as reproduction periods. Taxonomic composition, species richness and distribution patterns of the ostracod community, point to the Central and especially South Adriatic as the areas of particular interest for future investigations of ostracod ecology.
Sastav i raspodjela planktonskih ljuskara (Crustacea, Ostracoda) u Jadranskom moru -povijesna perspektiva
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SAŽETAK
Rad donosi prve sveobuhvatne rezultate o taksonomskom sastavu vrsta, sezonskoj i horizontalnoj raspodjeli zajednice planktonskih ljuskara u otvorenim vodama cijelog Jadranskog mora. Uzorci su prikupljeni tijekom oceanografske ekspedicije "Andrija Mohorovičić" (1974.-1976.) tijekom četiri godišnja doba na 35 postaja, raspoređenih u osam poprečnih transekata na sjevernom, srednjem i južnom dijelu Jadranskog mora. Taksonomski je određeno petnaest vrsta i dvije podvrste planktonskih ljuskara iz porodice Halocyprididae. Dominantne su vrste bile: Archiconchoecia striata, Porroecia spinirostris i Proceroecia macroprocera. Pored toga, vrsta Paraconchoecia oblonga je po prvi put zabilježena u Jadranskom moru. Najveća abundancija i bio-raznolikost ljuskara je zabilježena u dubokom južnom Jadranu, dok su bili rijetki u plitkom području sjevernog Jadrana. Kao prijelaznu zonu između ova dva područja, srednji Jadran karakterizira velika bio-raznolikost i kratkotrajna dominacija planktonskih ljuskara u zooplanktonskoj zajednici. Njihova horizontalna raspodjela u Jadranskom moru može se povezati s periodičnom ingresijom istočno-mediteranske vode i vrtložnim strujanjima, posebice u područjima srednjeg i južnog Jadrana.
Ključne riječi: Halocyprididae, planktonski ljuskari, sastav zajednice, distribucijski obrazac, Jadransko more
